Aerosol-planetary boundary layer (PBL) interaction was proposed as an 24 important mechanism to stabilize atmosphere and exacerbate surface air pollution. 25 Despite the tremendous progress made in understanding this process, its magnitude and 26 significance still bear large uncertainties and vary largely with aerosol distribution and 27 meteorological conditions. In this study, we particularly focus on the role of aerosol 28 vertical distribution on thermodynamic stability and PBL development by jointly using 29 the micropulse lidar, sun-photometer, and radiosonde measurements over Beijing. 30 Despite complex aerosol vertical distributions, the cloud-free aerosol structures can be 31 classified into three types: well-mixed, decreasing with height, and the inversed. Under 32 these different aerosol vertical structures, the aerosol-PBL relationships and the diurnal 33 cycles of the PBLH and PM2.5 show distinct characters. The vertical distribution of 34 aerosol radiative forcing differs drastically with strong heating in the lower, mid, and 35 upper PBL respectively. Such a discrepancy in heating rate affects the atmospheric 36 buoyancy and stability differently in the three distinct aerosol structures. Absorbing 37 aerosol have a weak effect of stabilizing the low-atmosphere under the decreasing 38 structure than under the inverse structure. As a result, the aerosol-PBL interaction can 39 be strengthened by the inverse aerosol structure and can be potentially neutralized by 40 the decreasing structure. Moreover, aerosols can both enhance and suppress the PBL 41 stability, leading to both positive and negative feedback loops. This study attempts to 42 improve our understanding of aerosol-PBL interaction, which shows the importance of 43 the observation constraint of aerosol vertical distribution for simulating the interaction 44 and consequent feedbacks.
be expressed as (Wallace and Hobbs, 2006) :
where z is the height of the air parcel and t indicates the time. ′ represents the 159 temperature of the parcel and represents the temperature of the environment and 160 is the virtual potential temperature of environment. For a certain layer, the atmosphere 161 is identified as a convective condition when the buoyancy is above zero, but is identified 162 as a stable condition when the buoyancy is below zero. If the buoyancy is near zero, the 163 atmosphere is under a neutral condition. Based on the identification method for PBL 164 types (Liu and Liang, 2010; Zhang et al., 2018) , we present profiles of buoyancy forcing 165 for a stable, neutral, and convective PBL (Figure 2a ). Clearly, the strongest upward or 166 downward forcing occurs near the surface. Figure 2b- induced by aerosols to estimate the impacts of aerosols on buoyancy.
218
Theoretically, the rate of change in buoyancy for a certain layer can be expressed 219 as:
where most parameters are defined in the same way as in Eq. (1), and ( )
222
represents the dry adiabatic lapse rate (environmental lapse rate). We will primarily in the upper PBL, which would facilitate the formation of temperature inversion and 287 further increase the stability in the PBL. Nonetheless, under the declining aerosol 288 structure, the abundant aerosols in the bottom of PBL can cause a heating effect in the 289 lower PBL, and hence, can potentially enhance the convection in PBL.
290
There are considerable differences in heating rate among the three distinct aerosol 291 structures (Figure 8) , which affects the atmospheric buoyancy and stability differently.
292
On average, aerosols generally suppress buoyancy in the low atmosphere. Such an 293 effect is quite notable for inverse structure and is insignificant for decreasing structure 294 with large standard deviations. Absorbing aerosol is not very helpful for stabilizing low-295 atmosphere under the decreasing structure, but plays an important role under the inverse 296 structure. As such, we expected the strongest aerosol-PBL interactions for absorbing 297 cases under the inverse structure, which is consistent with the results in Figure 4 . It 298 should be noted that there are large variations in the impact of aerosol on buoyancy.
299
Under an inverse structure, aerosol overwhelmingly enhance the stability in low-300 atmosphere, whereas, under decreasing structure, aerosols have the potential to either 301 enhance or suppress the low-atmosphere stability depending on different cases.
302 Figure 9 illustrates the schematic diagram of the interactions between aerosols, 303 stability, and the PBL. Overall, aerosol vertical structure critically affects the aerosol-304 PBL interaction. The inverse aerosol structure facilitates the formation of temperature 305 inversion and further increases the stability and aerosol loading in the near surface.
306
Therefore, the inverse aerosol structure may strengthen the aerosol-PBL interaction. 
